BACKGROUND: To summarise and appraise cumulative published scientifi c evidence relevant to cardiopulmonary resuscitation (CPR) education in Russia. to identify studies pertaining to the fi eld of CPR education that were carried out by Russian researchers and/or investigated the topic of interest for Russia/Russian population. Reference lists of eligible publications, contents pages of relevant Russian journals and Google Scholar were also searched. There was no limitation based on publication language or study design.
INTRODUCTION
Being the largest country in the world by surface area, the Russian Federation has a population of over 143 million people. [1] Globally, this country holds one of the leading positions in cardiovascular mortality (1 462 deaths per 100 000 inhabitants a year), and about 200 000-250 000 people die each year following sudden cardiac arrest. [2] A recent study showed an incidence rate of out of hospital cardiac arrest with attempted cardiopulmonary resuscitation (CPR) to be 58 per 100 000 population, with only 27% cases where resuscitation was initiated by a bystander. [3] High incidence of cardiac arrest and low prevalence of bystander CPR emphasize urgent demand in improving both rate and effi ciency of resuscitation efforts.
It is currently recognized that optimal survival rate from cardiac arrest is dependent on high-quality science, well-functioning chain of survival and CPR education. [4] In order to improve poor acquisition and retention of CPR skills, [5] [6] [7] existing teaching strategies should be evaluated by identifying and reviewing national scientific data on World J Emerg Med, Vol 8, No 4, 2017 resuscitation education.
So far, there is no integrated nationwide system of CPR education, nor the unified standards for CPR curriculum and training in the Russian Federation. [8] Compulsory CPR training is currently provided to healthcare students, medical professionals and employees of emergency services (i.e. fi refi ghters, rescuers, police offi cers), whereas educational opportunities for the population are basically limited to mandatory CPR training during driver's license acquisition and occasional CPR courses. [8] [9] [10] At the same time, published information on CPR education in Russia seems to be scarce and scattered, limiting an opportunity to draw fi rm conclusions on the problem.
The objective of this study was to systematically review, summarise and appraise cumulative published scientifi c evidence relevant to CPR education in Russia.
METHODS

Protocol and registration
We have performed a systematic review of published experimental and nonexperimental studies pertaining to scientific research in the field of CPR education in Russia. The review was carried out in accordance with PRISMA statement and conducted following a pre-defined protocol. [11] The review protocol was not preregistered or published.
Eligibility
All studies pertaining to the field of CPR education published after 1991 (year of formation of the Russian Federation) were eligible for inclusion, if they (1) examined resuscitation training or existing CPR knowledge/skills in healthcare professionals or nonmedical individuals; (2) were initiated and executed by Russian researchers/institutions, and/or (3) investigated the topic of interest for Russia/Russian population. There was no limitation based on publication language or study design. Studies published as abstracts or dissertations/ theses were considered as eligible along with original articles. Review articles, expert opinion, commentary, correspondence and editorials were excluded. However bibliographies of review articles were thoroughly screened to identify potentially relevant studies.
Search strategy
We have conducted a search in Medline, Scopus, Science Direct and Russian Science Citation Index (RSCI) from December 1991 to December 2016. Where applicable, initially selected free text search terms were supplemented 
Study selection
The list of citations from relevant sources was generated using Zotero 4.0 (Roy Rosenzweig Center for History and New Media, USA). Following duplicate removal, title, abstract, key words and author affiliation were initially screened for relevance by both reviewers, and obviously irrelevant publications were excluded. Then, full manuscripts were obtained for all potentially relevant studies, and reviewed for eligibility independently in an unblinded standardized manner by two reviewers with disagreements concerning inclusion decisions resolved by consensus. The study selection diagram is presented in Figure 1 .
Data extraction
For all eligible studies, the following information was extracted and tabulated by one reviewer and checked by second reviewer: authors, publication year, publication type, language, study type, aim and objectives, population, number of participants, educational intervention, study methods and measures, main findings, and quality of the study. Any disagreements between reviewers were resolved through discussion.
Quality appraisal
The methodological quality was assessed independently by two reviewers using the Mixed Methods Appraisal Tool (MMAT) -Version 2011. [12] This tool allows for concomitant appraisal of studies employing different methodologies (qualitative, quantitative and mixed methods studies). Each study was initially assessed by two screening questions to determine the feasibility of further appraisal. If positive, the study was categorized within its methodological domain using the MMAT scoring metrics descriptors to produce overall quality score varying from 25% (* -one criterion met) to 100% (**** -all criteria met). Any disagreements were settled by consensus. No studies were excluded based on the low quality.
Data synthesis
The heterogeneity of research designs, educational interventions and outcome measures prevented data synthesis using meta-analysis, and results are described in a narrative synthesis.
RESULTS
Study selection
Initial search provided 7 999 citations, of which 7 964
were unique. The majority of these (7 906) were excluded during the process of relevance screening. Fifty eight were considered as relevant based on the title, abstract, key words and/or author affiliation, and included in the eligibility assessment. After reviewing the full papers, 37 were excluded. One additional study was identified through a hand search of reference lists of potentially eligible articles. Consequently, 22 studies were included in the final analysis. A flow diagram of the study selection process is presented in Figure 1 .
It is worthy of note that the majority of initial search citations (79%) came from the RSCI database, eventually yielding only 24 potentially eligible articles, thus suggesting low sensitivity of the database search.
Study characteristics
Of the 22 publications included in the review, there were 11 full-text articles, 10 conference abstracts and 1 dissertation. The majority of the studies were published in the Russian language (91%). One publication was in English (conference abstract), and one full-text article was bilingual (Russian/English). Distribution of the publications over the 25-year period (1991-2016) is shown in Figure 2 . Table 1 shows the percentage distribution of investigated populations. Healthcare professionals and medical students represent the most commonly studied population categories (63% and 20% study populations, respectively). Non-medical individuals constituted 17% of the investigated populations. This category was represented by first aid instructors (2 studies), cadets of the fire and rescue service academy (2 studies) and pedestrians/drivers (1 study). Sample size ranged from 26 to 2 000 participants, and was not reported in 4 studies. 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 2 0 0 4 2 0 1 6 2 0 0 5 2 0 0 6 2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3 2 0 1 4 2 0 1 5 Three of the included studies were quantitative randomized controlled, one -qualitative, ten -quantitative non-randomized and the remainder (n=8) were quantitative descriptive studies in terms of the MMAT assessment. The overall quality score indicated low (quality score -25%; n=1), moderate low (50%; n=3) and moderate high (75%; n=2) methodological quality of full-text articles; low (n=1) and moderate low (n=5) quality of conference abstracts; and moderate low quality of dissertation. Nine studies failed to pass the quality screening.
Synthesis of results
All studies included in the review were grouped into the following thematic categories: (1) studies assessing effects of CPR educational intervention; (2) studies assessing only existing CPR skills and/or theoretical knowledge; (3) other studies, which did not fall into the categories above.
Studies assessing effects of CPR educational intervention
Fourteen (64%) out of 22 publications eligible for the review, including 7 full-text articles, [13] [14] [15] [16] [17] [18] [19] 6 conference abstracts [10, [20] [21] [22] [23] [24] and 1 dissertation, [25] describe effects of various educational interventions aimed to improve CPR theoretical knowledge and/or skills. Three studies were randomized controlled, [10, 24, 25] 9-quantitative nonrandomized, [13, 14, 16, 17, [19] [20] [21] [22] [23] 1-quantitative descriptive, [18] 1qualitative. [15] Study participants included emergency medical service physicians, [13] [14] [15] [16] 25] physicians of other specialities, [16, 17, [20] [21] [22] 25] interns/residents, [18, 19, 23, 25] medical students, [19, 25] nurses [22] and cadets of the fire and rescue service academy. [10, 24] Sample size varied from 26 [13] to 621. [25] Basic life support (BLS) teaching was provided in 11 studies, [10, 13, 16, [18] [19] [20] [21] [22] [23] [24] [25] advanced life support (ALS) in 3 studies. [15, 17, 25] The type of CPR algorithm taught (BLS or ALS) was not clear for one study. [14] There was only one study describing the use of an automated external defibrillator (AED) as a component of the educational program. [18] Information on the structure of the educational intervention has been provided in 10 publications. [10, [15] [16] [17] [18] [19] 21, [23] [24] [25] Most commonly, CPR education comprised a theoretical part (lecture) followed by a session of skill training. [16] [17] [18] [19] 21, 25] Bazanov et al [24] compared 5 different forms of education: (1) theoretical training using lecture, text and photo slides; (2) lecture and training videos; (3) interactive program with graphical presentations and videos; (4) lecture and skills demonstration on manikins; and (5) self-education using hard copy of CPR guidelines. Another study carried out by the same group of authors examined effects of theoretical CPR training using multimedia presentations. [10] The duration of educational interventions was indicated in 7 publications, ranging from 2 to 72 hours. [10, 15, 17, 18, 21, 22, 24] The effi ciency of CPR education was evaluated based on the trainee's practical skills alone in 5 studies, [13, 14, 17, 20, 23] based only on theoretical knowledge in 4 studies, [10, 19, 22, 24] and based on a combination of theoretical knowledge and practical skills in 3 studies. [16, 21, 25] An evaluation criteria for practical skills assessment were typically represented by the characteristics of separate CPR algorithm components, [13, 14, 16, 17, [20] [21] [22] [23] in many cases -not more than chest compression, airway opening and/or ventilation parameters. [13, 14, 16, 20, 23] There was only one study providing integrated skills assessment, ensuring a complete coverage of basic and advanced CPR algorithms. [25] CPR knowledge and/or skills improvement following the education has been shown in 9 studies. [10, [13] [14] [15] [16] [17] 20, 21, 24] Two studies investigated trainee's opinion on completed educational interventions. [15, 18] Three publications presented results on optimal retraining interval. [10, 22, 25] Six (43%) of the 14 studies from this thematic category failed to pass MMAT quality screening for the following reasons: no clear research questions (objectives) defi ned, [14, 16, 18] collected data do not allow to address the research question (objective). [17, 20, 23] All three studies declared as randomized have passed the quality screening, and their overall MMAT quality scores were 50% (moderate low quality) [24, 25] and 25% (low quality). [10] The corresponding publications did not provide any information on the randomization procedure, allocation concealment or blinding. [10, 24, 25] Additionally, there was no description of the evaluation criteria for the assessment of the effi ciency of education in two studies. [10, 24] The only qualitative study had an overall MMAT score of 50%. [15] Moderate low quality of the study results from the lack of information on the qualitative data analysis process and no consideration given to how the obtained findings relate to the potential researchers' infl uence through their interactions with participants. [15] The non-randomized quantitative studies were of moderate low [13, 21, 22] and moderate high quality. [19] Based on MMAT appraisal, the methodological flaws of these studies were related to the study sample recruitment, [13, 21, 22] evaluation criteria/measurements utilized, [19, 21] differences between groups being compared, [22] and completeness of the outcome data presented. [13] Further, it is important to point out the following serious quality defects of the publications from this thematic category: three papers are missing sufficient information on the structure and content of educational intervention, [14, 20, 22] two publications contain no wordings of study aims or objectives, [14, 16] and three papers have no data on sample size. [14, 16, 20] 
Studies assessing existing CPR skills and/or theoretical knowledge
Five (23%) out of 22 publications included in the review-3 full-text articles [26] [27] [28] and 2 conference abstracts, [29, 30] describe the studies evaluating existing CPR skills and/or theoretical knowledge. All studies were quantitative descriptive. Four of them examined CPR theoretical knowledge using questionnaire survey, [26, 27, 29, 30] and one study assessed BLS practical skills by means of the objective structured clinical examination. [28] Study populations were represented by anaesthesiology and resuscitation residency graduates, [28] medical students, [26, 27, 29] as well as pedestrians and drivers. [30] Sample size varied from 200 [30] to 2000. [26, 27, 29] It is worthy of note that three studies were carried out on the same population of medical students. [26, 27, 29] However, considering the different study aims and results presented in these publications, all three studies were included in the analysis independent of each other.
Notably, for all studies assessing theoretical knowledge, the evaluation criteria and, thus, study results were answering to the study aim only partially. [26, 27, 29, 30] For example, Churkina et al [29] used the single evaluation criterion "correct hand position for chest compressions", when the study aim was "to assess the medical student's knowledge of CPR provision".
Two of 5 studies from this thematic category failed to pass quality screening. [27, 29] For one study, the collected data do not allow to address the research questions. [29] For another study, further quality appraisal was considered to be unfeasible as a result of special circumstances not covered by the MMAT screening questions: the correct answers to the multiple-choice questions in the questionnaire were based on fundamentally erroneous statements. [27] In particular, the statement reading "artifi cial lung ventilation is prohibited in case of cervical spine fracture" is regarded as a correct answer to the question of contraindications for artifi cial ventilation. [27] For the studies which passed the screening, the overall quality was determined to be low, [28] moderate low [30] and moderate high. [26] According to the MMAT assessment, the methodological limitations of these studies were related to the following: relevance of the sampling strategy to address the research question, [28, 30] representativeness of the sample for the population under study, [28, 30] appropriateness of the measurements utilized, [26] and the acceptable response rate. [28] Additionally, the sample size data were lacking for one study. [28] 
Other studies
The conference abstract by Moroz et al [9] describes the results of the quantitative descriptive study aimed to analyze the real-life efficacy of the European Resuscitation Council BLS/AED courses in Russia. The study was carried out using online questionnaire survey in the mixed population of medical doctors, nurses and first aid instructors who previously passed the training (n=126). Moderate low overall ММАТ quality score is attributable to the disadvantages pertaining to the sample representativeness and appropriateness of the evaluation criteria to address the research question. Presented results are answering the study aim partially, describing the statistics of CPR provision in real-life settings (incidence of CPR cases, extent of provided CPR, incidence of return of spontaneous circulation), but not assessing the effi ciency of the courses directly. [9] Il'icheva et al [31] conducted the questionnaire survey in order to investigate the demand in CPR knowledge and skills learning amongst students of the medical university. This study was carried out in the same population of medical students as in 3 studies assessing CPR theoretical knowledge described above. [26, 27, 29] Overall MMAT score of 50% is explained by the methodological flaws related World J Emerg Med, Vol 8, No 4, 2017 to the relevance of sampling strategy to the study aim and sample representativeness for the population being investigated. For instance, it doesn't seem reasonable to pose a question on the need in increasing the amount of time dedicated to CPR theoretical learning to the 2nd year students, who had no previous CPR education at all. [31] The quantitative non-randomized study by Bazanov [32] investigated the objectiveness of chest compression quality assessments done by fi rst aid instructors. For this purpose, the results of first aid instructors' assessments were compared with chest compression parameters calculated by the computer program. When the author concludes about subjectiveness, low specificity, sensitivity and accuracy of the instructors' assessment, the publication contains no results to support the conclusion. For this reason, the publication has failed to pass the MMAT quality screening. [32] 
DISCUSSION
To the best of our knowledge, this is the fi rst systematic review summarising and appraising the cumulative published scientific evidence relevant to the CPR education in the Russian Federation.
For the period from 1991 to 2016, the search revealed 22 eligible studies pertaining to this area of resuscitation science. All of them were carried out by Russian researchers, and published mostly in Russian. With low overall quantity of the studies included in the review and complete lack of eligible publications for the period from 1991 to 2008, there is a general trend for increased number of studies by the year of 2016.
Methodologically, the most common types of studies were quantitative non-randomized (45%) and quantitative descriptive (36%). Randomized controlled studies represent less than 14% out of the total number of studies included in the review. There was one eligible qualitative study.
Healthcare professionals were predominant among the populations investigated. Most commonly, those study participants were physicians of various specialities, less often -interns/residents or nurses. Medical students constituted the second most frequently studied category of participants. However, it is of note that the same population was investigated in 4 of 6 eligible studies involving medical students. [26, 27, 29, 31] Non-medical individuals were participating in the studies much less commonly, covering only three population categories: fi rst aid instructors, cadets of the fi re and rescue service academy and pedestrians/drivers.
In most instances the studies were evaluating effects of various educational interventions designed to improve theoretical knowledge and/or skills of BLS CPR not involving AED. Less frequently, existing CPR theoretical knowledge and/or skills were evaluated. Individual studies investigated the demand in CPR education, objectiveness of resuscitation skills assessments by instructors, real-life implementation of CPR algorithms after completion of the training. The studies were signifi cantly heterogeneous with regards to methodological approaches, structure and duration of educational interventions, evaluation methods and criteria being used.
The results of the studies assessing effects of CPR educational interventions are generally suggestive of the benefi cial infl uence of the training conducted. Alongside this, the assessments were usually based on a few evaluation criteria characterizing separate resuscitation algorithm components rather than providing integral assessment of the CPR performance.
The studies included in the review were mostly of low methodological quality. More than 40% of the publications have not passed the quality screening, particularly due to the absence of clear research questions or study objectives defi ned, or since the collected data do not allow to address the research questions. The overall quality, as assessed using the MMAT, was categorised as low or moderate low for 50% of the studies. Only 2 (9%) of 22 eligible studies met the criteria of moderate high quality.
None of the publications describing the randomized studies provided any details on the randomization procedure. Further, these papers contain no information on allocation concealment or blinding.
Methodological limitations of the quantitative nonrandomized and quantitative descriptive studies were most commonly related to the study sample recruitment (no explanation for inclusion and exclusion criteria, no sample size justifi cation, questionable representativeness of the sample for the population under study) and the applicability of the evaluation criteria/measurements utilized (criteria/measurements are not clearly defi ned or inappropriate for answering the research question).
Additional serious quality defects of particular studies included the absence of any statements in regard to the study aims and objectives or sample size not indicated.
Low number, high heterogeneity and poor quality of the studies, as well as rare involvement of nonmedical populations and scant evidence of AED use are all suggesting the strategic need for developing and introducing a foundational nationwide regulatory system in order to ensure high quality science and effective CPR education of lay people and healthcare professionals in the Russian Federation.
Limitations
In addition to the international database search, we have searched the major Russian scientifi c database and archives of the relevant field-specific Russian journals available online. However, it cannot be ruled out that some potentially eligible publications may have been omitted due to limitations in the search strategy. In particular, it may concern those studies published in hard copy but not converted to the electronic form or indexed in the electronic databases.
CONCLUSIONS
The results of the systematic review suggest the paucity, low population coverage, high thematic and methodological heterogeneity and low quality of the studies addressing CPR education, which were carried out in the Russian Federation. There is a critical need in conducting methodologically consistent, large-scale, randomized, controlled studies evaluating and comparing the efficiency of educational interventions for teaching CPR in different population categories of Russia.
